Abstract-A solid analytic procedure of Gas insulated switchgear condition checking is utilized in this studies as a part of exploration for the detection of sulphur hexafluoride gas (SF 6 ) decomposition by-product because of its high affectability, reliability and anti-electromagnetic obstruction. This is known as chemical decomposition by-product method. A simulated coaxial deterioration chamber was designed and used on the high voltage electrode to re-enact the decomposition of SF 6 under the impact of protrusion defect that generates partial discharge in the coaxial chamber at a pressure of 0.2MPa.The chamber is energised at 50kv for the period of 50 hours and the generated partial discharge simulate the decomposition of SF 6 gas. The deterioration decomposition products SO 2 , SOF 2 , SO 2 F 2 , SO 2 F 10 , SiF 4 , CO, C 3 F 8 , C 2 F 6 were detected offline by FTIR spectrometer. These deteriorated items and its concentration can be utilized to recognize and distinguish the type and the magnitude of fault in gas insulated switchgear (protrusion fault) before failure occur for the aim of preventive maintenance.
I. INTRODUCTION
Gas insulated switchgear (GIS) is an essential equipment that is used in high voltage electric power transmission and distribution because of its outstanding compatibility with the environment, small size and reliability of long lifespan of up to about 40 years. GIS uses sulphur hexafluoride (SF 6 ) gas as its insulant because of its high dielectric strength characteristics and arc quenching ability. [1, 2] Despite its high degree of insulation reliability, practical experience in GIS shows that some in-service failures are related to insulated defects [1] . GIS failures usually start with partial discharge (PD) activities. Detecting PD activity in GIS is important because early detection allows for preventative measures to avoid costly failures [2, 7] . Acoustic, optical, electrical discharge and UHF method was used by researchers to monitor the presence and magnitude of partial discharge that causes SF 6 decomposition. Despite the fact that this method performed adequately to some degree, there is some setback, particularly when used in a field. Acoustic method is affected by noise which results in an inaccurate recognition and detection of partial discharge [6, 9] . Electrical and optical method, when used in the field, has a weak capacity of resisting interference while the sensitivity and reliability of UHF method are affected by electromagnetic interference and also the problem of pattern recognition and discharge calibration has not been completely resolved. [2, 8] .
Research Studies carried out shows that the presence of partial discharge in GIS will cause different types of SF 6 decomposition product with different concentration at generated rate such as S 2 F 2 , SF 2 , SF 8 , SF 4 , SOF 2 , SO2F 2 , SOF 4 , S 2 F 10 , HF, SO 2 , SiF4 CF 4 , CO 2 , C 3 F 8 , C 2 F 6 , CO,COS, H 2 S. Etc. [1, 3] . The detection of the SF 6 decomposition products and its concentration can give accurate information about the type and magnitude of insulation deterioration in GIS prior to its failure. This type of detection is called SF 6 decomposition product diagnostic techniques of GIS condition monitoring and this studies uses the method because of its high sensitivity and anti-electromagnetic interference and also it is cost effective for purpose of gas insulated switchgear maintenance. [4, 5, 8] 
II. DESIGN AND METHODOLOGY II.1 SIMULATED SF 6 DECOMPOSITION GAS CHAMBER AND PROTRUSION DEFECT
A simulated coaxial decomposition gas insulated switchgear chamber made up of Austenitic stainless steel designation of AISI 300 series (Cr/Ni/Fe) and artificial protrusion defect of needle electrode with diameter and length of 1mm and 10mm respectively with a 0.2mm radius of curvature were designed for the experiment as shown in figure 1. The gas chamber is a sealed coaxial or concentric cylinder with a volume of about 0.01m 3 and a tolerance pressure and voltage of about 1MPa and 70kv respectively. The chamber has gas inlet and outlet that is used to fill and reclaim pure and decomposed SF 6 gas in the chamber before and after the experiment respectively and also it has high voltage electrode made up of aluminium and the ground electrode which is the tank (body) of the chamber. Figure. 1à. Simulated SF 6 coaxial decomposition gas chamber.
Figure 1b. SF 6 decomposition gas chamber in IVAT lab UTM.
II.2 EXPERIMENTAL STUDY
The experiment was carried out in High voltage and High current institute (IVAT) lab, Faculty of Electrical Engineering, Universiti Teknologi Malaysia (UTM). The experimental set is shown in figure 2 . The artificial protrusion defects were fixed on the high voltage electrode of the concealed chamber and the chamber was subjected to a vacuum pump to empty the air, then loaded with pressurized SF 6 gas at the pressure of 0.2Mpa. High voltage 50kv was applied to the chamber at ambient temperature and pressure then the artificial protrusion defects generate partial discharge that simulates the decomposition of SF 6 . The decomposition products were detected offline by Fourier transform infrared spectrometer.
Figure 2a. SF 6 decomposition system and detection schematic diagram.
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Figure 2b. SF 6 decomposition system in IVAT lab UTM.
III. RESULTS AND DISCUSSION
The consequence of the deterioration result of SF 6 gas and its concentration detected by the FTIR spectrometer under protrusion defect on the high voltage electrode are SO 2 , SOF 2 , SO 2 F 2 , SO 2 F 10 , SiF 4 , CO, C 3 F 8 , C 2 F 6. These decomposed by-products indicate the presence of a fault in gas insulated switchgear. SOF 2 and SO 2 F 2 are stable decomposition products that its concentration increases with variation in time and disappears, SiF 4 and C 2 F 6 are almost stable decomposition product while SO 2 , SO 2 F 10 , CO and C 3 F 8 are not stable decomposition products. SOF 2 and SO 2 F 2 have a higher concentration than the other decomposition products. The plot of the SF 6 decomposed product is shown in figure  3a&b . 
IV. CONCLUSION
Gas insulated switchgear is a reliable equipment in power system transmission and distribution but it can fail during it operation due to fault that can arise as a result of SF 6 deterioration that translates into decomposed by product. The decomposition by-products that was detected after the experiment by Fourier transform infrared spectrometer are SO 2 , SOF 2 , SO 2 F 2 , SO 2 F 10 , SiF 4 , CO, C 3 F 8 , C 2 F 6. These decomposed by-products and its concentration is an indication of a fault in GIS and can be used to detect and identify the type and the magnitude of fault in gas insulated switchgear (protrusion fault) before failure for purpose of preventive maintenance.
